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FOREWORD 


In  conducting  the  experiments  described  in  this  report,  the  author  and 
his  staff  have  adhered  to  the  code  of  ethics  and  the  methods  promoted  by 
the  Canadian  Council  on  Animal  Care.  These  are  contained  in  their 
bulletin  "Principles  of  Care  of  Experimental  Animals:  a Guide  for 

Canadian  Users". 
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ABSTRACT 


The  effects  of  chronic  daily  dosing  of  dimethyl  morphol inophos- 
phoramidate  (DMMPA)  have  been  assessed  in  rabbits  for  dermal  application 
and  in  rats  for  parenteral  application. 

One  hundred  day  application  of  DMMPA  dermal ly  to  rabbits  was 
without  effect. 

One  hundred  day  application  to  rats,  both  male  and  female,  was 
without  effect  on  breeding  both  in  the  incidence  of  pregnancies,  number 
of  pups  per  litter  and  the  number  of  still-born. 

Three  separate  experiments  are  described  in  which  male  and 
female  rats  were  dosed  with  DMMPA  in  periods  from  100  to  240  days.  Some 
thirty  separate  pathological  screening  tests  were  examined  including 
nutritional,  physiological,  haematological , blood  chemistry,  tissue  weight 
and  water  content  procedures  as  well  as  macroscopic  and  microscopic  path- 
ology. Of  these,  only  water  intake,  heart  rate  and  lung  damage  were  found 
to  be  affected.  The  highest  dose  of  DMMPA  having  no  effect  on  these  latter 
parameters  was  0.5  gm/kg/day. 
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INTRODUCTION 

The  previous  report  on  the  toxicology  of  DMMPA  covered  only  the 
results  of  acute,  single  dosing  of  the  material  (1).  In  the  following 
report  the  results  of  chronic  dosing  on  a daily  exposure  are  summarized  for 
periods  of  exposure  varying  from  100  to  240  days.  All  methods  used  in  the 
chronic  exposure  study  are  identical  to  those  described  in  Annex  A of  the 
previous  paper.  Equally,  the  chronic  studies  were  performed  in  the  same 
experimental  facilities  and  with  the  same  staff  as  were  the  acute  investiga- 
tions. One  change  was  introduced  in  the  reporting  of  the  experiments,  how- 
ever. The  long  term  experiments  with  repeated  dosing  resulted  inevitably  in 
accidents  resulting  in  the  deaths  of  animals.  All  such  deaths  were  auto- 
psied  and,  when  found  due  to  accident,  such  animals  were  removed  from  the 
study  completely  so  that  none  of  the  data  of  these  animals  contributed  to 
the  results  as  shown. 


SECTION  A: 

THE  EFFECTS  OF  CHRONIC  APPLICATION  OF  DMMPA  TO  THE  SKIN  OF  RABBITS 

Male  New  Zealand  white  rabbits  were  dosed  daily,  5 days  per  week  but 
not  on  weekends.  Six  animals  were  dosed  with  50  ul  (62  mg)  and  six  at  100  ul 
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(123  mg)  on  an  area  of  clipped  skin  shaved  with  fine  clippers  so  that  the 
skin  was  not  broken  or  scraped.  Doses  were  continued  for  a total  of  100 
days  at  both  levels,  at  which  time  the  animals  were  sacrificed,  autopsied 
and  the  area  of  skin  excised,  fixed  and  stained  with  haematoxylin  and  eosin. 

The  results  of  the  experiment  were  completely  negative  in  all 
aspects.  The  animals  showed  no  signs  of  skin  damage  by  the  DMMPA  application 
whatsoever.  Sections  of  skin  taken  proved  histologically  normal.  The 
autopsy  did  not  show  any  evidence  of  dose  related  lesions.  From  these 
results  it  was  concluded  that  doses  of  DMMPA  as  high  as  123  mg/animal /day 
are  innocuous.  Since  the  animals  weighed  between  2-4  kg,  doses  as  high  as  60 
mg/kg  applied  dermally  are  without  adverse  effects  after  dosing  for  100  days. 

SECTION  B: 

THE  EFFECTS  OF  CHRONIC  APPLICATION  OF  DMMPA  ON  BREEDING  CHARACTERISTICS 
OF  RATS 

Male  and  female  rats  were  orally  dosed  with  DMMPA  at  200  pi  (244  mg) 
per  animal  per  day,  7 days  per  week  for  100  days.  The  animals  were  then  trans- 
ferred to  breeding  cages  with  a ratio  of  5 females  to  one  male  and  retained 
for  3 weeks  after  which  the  females  were  segregated  into  individual  cages  for 
littering.  The  pattern  of  breeding  included: 

(1)  DMMPA  treated  females  with  untreated  males, 

i 

(2)  DMMPA  treated  males  with  untreated  females, 

(3)  DMMPA  treated  males  and  females. 

Offspring  from  Group  3 were  allowed  to  mature  and  breed  in  the  same  pattern  as 
before  to  test  if  the  first  generation  whose  parents  were  exposed  to  DMMPA 
were  in  any  way  adversely  affected. 

The  results  obtained  are  shown  in  Table  I.  These  results  do  not 
indicate  any  significant  difference  in  (a)  the  number  of  pregnancies,  (b)  the 
average  number  of  pups  per  litter  or  (c)  the  number  of  stillborn,  between  any 
of  the  DMMPA  treated  group  in  comparison  with  the  untreated  controls.  All  pups 
from  each  group  were  kept  segregated  until  weaning  and,  although  no  data 
were  kept  on  growth  rate  or  percent  survival , there  was  no  evidence  of  any 
difference  between  the  offspring  of  the  treated  versus  the  untreated  parents. 
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BREEDING  RESULTS  IN  RATS  CHRONICALLY  DOSED  WITH  228  PER  DAY  FOR  1 00  DAYS 
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All  offspring  except  those  of  Group  3 were  sacrificed  at  weaning,  but  those 
of  Group  3 were  maintained  to  maturity  and  offspring  of  their  breeding  did 
not  vary  from  the  results  of  the  untreated  control  breeding.  Although  this 
experiment  did  not  assess  resorbed  foeti,  since  the  mean  number  of  live  pups 
per  litter  was  not  different  in  the  DMMPA  treated  animals  from  those  of  the 
controls,  there  would  appear  to  be  little  likelihood  that  DMMPA  affected  this 
parameter  or  was  altering  foetal  development  to  any  significant  degree. 

SECTION  C: 

EFFECTS  OF  CHRONIC  APPLICATION  OF  DMMPA  TO  RATS 
Cumulative  LD rj  ( 100  days)  (2) 

Five  attempts  to  obtain  experimental  data  to  quantify  this  parameter 
were  unsuccessful.  Doses  of  DMMPA  above  0.9  of  an  acute  LD^q  value  (5.9  gm/kg 
males)  were  found  to  accumulate  to  lethal  effects  in  2-3  days,  while  values 
below  this  level  either  did  not  produce  death  at  all  even  with  100  repetitions 
of  the  daily  dose  or  produced  deaths  so  erratically  that  there  was  always 
doubt  that  the  deaths  were  due  to  DMMPA  accumulative  effects.  The  only  value 
obtained  from  all  chronic  dosing  daily  for  100  days  or  longer  is  that  of 
2.5  gm/kg  (male  rats)  which  is  the  lowest  dose  repetitively  given  at  which 
cumulative  lethality  was  observed.  This  value  must  approximate  LD^0  (100  days) 
but  has  no  statistical  validity. 

1 • EFFECTS  OF  LOW  DOSE  - 100  DAY  APPLICATION  - FEMALE  RATS 

One  hundred  and  fifty  female  rats  were  selected  and  grouped  into 
10  groups  of  15  animals  each,  such  that  no  significant  difference  in  mean 
weight  existed  from  one  group  to  another.  They  were  allowed  time  to  adjust 
to  the  metabolism  cages  for  a period  of  two  weeks  before  beginning  the  oral 
application  of  DMMPA  by  stomach  tube  and  were  subsequently  dosed  daily,  7 
days  per  week  for  a total  of  100  days.  Animals  were  dosed  at  the  same  time 
each  day  at  1300  hours,  following  the  dose  schedule  given  in  Table  II.  The 
procedures  used  in  handling,  sacrifice  and  analysis  of  the  animals  are  those 
described  in  Annex  A of  Reference  (1).  Animals  were  sacrificed  on  the  10th, 
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TABLE  II 

DOSE  SCHEDULE  FOR  CHRONIC  LOW  LEVEL  EXPOSURE 


OF  RATS  TO  DMMPA 


* All  doses  given  orally  at  a volume 
of  1.0  ml  per  animal  with  DMMPA 
made  up  in  fresh  aqueous  solutions 
daily. 


UNCLASSIFIED 


UNCLASSIFIED 


/4 


15th,  30th,  45th,  60th,  65th,  70th,  80th,  95th  and  finally  on  the  100th 
day,  taking  one  animal  from  each  group,  both  test  and  control,  at  each 
time  of  sacrifice.  This  procedure  was  followed  in  order  to  determine 
the  time  required  at  a given  dosage  for  the  lesions  produced  to  develop. 

The  procedure  had  the  effect,  however,  of  reducing  the  number  of  animals 
exposed  to  the  100  day  dosing  to  5,  with  a comparable  number  of  controls. 

It  was  intended,  however,  to  repeat  the  chronic  exposure  trials  later  such 
that  this  difficulty  was  overcome  by  postponing  sacrifice  times  for  a period 
of  100  days  or  longer  so  that  all  animals  would  have  this  period  of  dosing 
(see  part  III  of  this  Section). 

NUTRITIONAL  PARAMETERS 

Data  on  food  intake,  water  intake  and  weight  gain  were  measured 
on  each  animal  daily  to  a total  of  150  observations  per  day.  To  deal  more 
conveniently  with  this  quantity  of  information,  averages  were  taken  for  5 
day  intervals  in  which  the  mean  of  this  period  was  averaged  for  each  para- 
meter. These  data  were  then  incorporated  into  data  cards  and  processed  by 
the  computer  such  that  the  trends  for  each  parameter  could  be  plotted  with 
time  and  compared  with  the  equivalent  control  group  values.  As  well,  the 
significance  of  any  difference  between  the  means  of  the  test  dose  and  control 
groups  was  determined  by  the  "t-test". 

In  Figure  1,  the  comparison  between  the  two  control  groups  label- 
led L and  G are  plotted  for  food  intake,  water  intake  and  weight  gain.  As 
can  be  seen,  although  the  only  difference  between  these  control  groups  lies 
in  the  fact  tnat  one.  Group  G,  received  1.0  ml  water  daily  by  stomach  tube, 
there  are  frequent  times  during  the  100  days  when  highly  significant  and 
significant  differences  are  observed  in  food  intake  and  water  intake.  No 
apparent  explanation  for  such  differences  has  come  to  light  in  the  careful 
examination  of  the  procedures  of  operation.  They  can  not  be  assigned  to 
differences  in  temperature,  air  supply,  light  or  to  staff  since  the  latter 
were  rotated  so  that  the  same  people  were  not  always  ossigned  to  the  same 
test  groups.  Seemingly,  such  difference  occurs  by  virtue  of  some  uncontrol- 
led factor  in  the  experimental  design.  This  evidence  has  forced  the  conclu- 
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figure  1-  food  intake  (FI),  water  intake  (wii  ano  weight  gain  iwi,> 

IN  FEMALE  CONTROL  RAT5  GROUPS  L AND  G-  THF  MIAN  [II  EACH  GROUP  UI  1‘ 
ANIMALS  FUR  A FIVE  DAY  PERIOD  (INTERVAL  WEEK)  IS  PLOTTED  AGAINST  THI 
NUMBER  OF  INTERVALS  FOR  A TOTAL  OF  100  DAYS-  SIGNIFICANT  DIFFERENT  I 
BY  ' T TE5T  ' IS  SHOWN  AS  A SINGLE  Bt  ACK  SQUARE.  HIGH  Y SIGNII  IT  ANT 
DIFFERENCE  BY  TWO  HLACK  SQUARES- 
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Sion  that  in  the  dosed  groups,  differences  in  food  intake  and  water  intake 
observed  will  be  considered  of  importance  only  if  those  differences  follow 
a pattern  proportional  to  the  dose  of  DMMPA  applied. 

The  Effect  of  DWPA  on  Food  Intake 

The  variations  in  food  intake  with  differing  doses  of  DMMPA  over 
the  period  of  the  experiment  are  shown  in  Figure  2 A,  B and  C for  the  8 
doses  of  DMMPA  applied.  As  can  be  observed,  there  are  frequent  occasions 
where  the  food  intake  in  DMMPA-dosed  animals  is  significantly  and  highly 
significantly  different  from  the  control  group.  However,  there  is  no  evi- 
dence that  the  difference  between  the  dosed  and  control  groups  follows  any 
pattern  related  to  the  level  of  DMMPA.  The  conclusion  was  drawn  that  DMMPA 
with  daily  dosing  at  levels  of  123  mg/animal/day  for  a period  of  up  to  100 
days  has  no  effect  on  the  food  intake  of  female  rats. 

The  Effect  of  DWPA  on  Water  Intake 

The  variations  in  water  intake  with  differing  doses  of  DMMPA  over 
the  period  of  100  days  are  shown  in  Figure  3 A,  B and  C for  the  8 doses  of 
DMMPA  applied  caily.  Again  frequent  significant  and  highly  significant 
differences  in  the  water  intake  of  animals  dosed  with  DMMPA  are  observed, 
but  there  is  no  observable  regularity  in  such  differences  such  that  the 
relationship  to  the  dose  of  DMMPA  applied  can  be  seen.  The  conclusion  was 
drawn  that  DMMPA  in  doses  as  high  as  123  mg/animal/day  for  a period  of  up 
to  100  days  has  no  effect  on  the  water  intake  of  female  rats. 

The  Effect  of  DMMPA  on  Weight  Gain 

The  variations  in  weight  gain  in  rats  dosed  with  differing  doses 
of  DMMPA  over  a period  of  100  days  are  shown  in  Figure  4 A,  B and  C for 
the  8 doses  levels  of  DMMPA  applied  daily.  There  is  no  evidence  of  signi- 
ficant differences  in  weight  gain  for  any  dose  of  DMMFA  at  or  below  123  mg/ 
animal/day  from  the  control  group  receiving  no  DMMPA.  The  conclusion  was 
drawn  that  DMMPA  dosing  at  these  levels  is  without  effect  on  the  rate  of 
weight  change. 
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FTGIRF  PA-  FOOO  INTAKE  IN  GRAMS  PEP  ANIMAL  PEP  DAY  CK  GPOUP  A (133 
MG  OMMFA/ANIMAL/OAY)  > GROUP  0 'be  MG  LiMML  A ANIMAL  ; A'  AND  GROUP  C 
'31  MG  OMMPA/" ANIMAL /DAY ) • Tf€  MEAN  OF  EACH  DOGE  GROUP  F DR  THE  5 DAY 

week  period  is  plotted  against  thf  control  '.-op  fop  the  100  days  of 

DMMPA  DOSING-  two  BLACK  SQUARE1  INDICATES  DIFFERENCE  IS  HIGHLY 
significant;  one  black  square  significant- 
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F T N iPF  , 'H  i [ I i'.’AFf  RAM'  PEP  ANIMAL  FTP  HAY  CT  GRXP  D (15  MG 

□MAP  A ANIMA  A'..  ■ • • '7.5  Ml  i IMME’A  ANIMAL  PAY)  At  4.:  GROUP  H 

C3»8  MG  OMMPA  AN I MAI  AY  • TH  MEAN  OF  EACH  DOSE  GROUP  FOR  THE  S DAY 

r r interva  : ■-  * ,a;nlt  the  contpoi  gpuj  eor  ioo  days  cf 

OMMPA  OOSINI,.  a M * A , Apf  1 INDICATE'1:  OIFFERENCE  15  HIGHLY 

significant;  m hi  a i<  a »pe  significant. 


FTGi  iRF  pr-  FOOD  INTAKE  IN  GRAMS  PER  ANIMAL  PER  DAY  OF  GROUP  J (1-9 
MG  DMMPA,- ANIMAL /DAY,  AND  DRDUP  K (0-9  MG  OMMPA/ ANIMAL /DAY) - THE 
MEAN  OF  EACH  DOSE  GROUP  FOR  THE  5 DAY  WEEK  INTERVAL  IS  PLOTTED 
AGAINST  THE  CONTROL  GROUP  FOR  100  HAYS  OF  OMMPA  DOSING-  TWO  BLACK 
SQUARES  INDICATES  DIFFERENCE  IS  HIGHLY  SIGNIFICANT!  ONE  BLACK  SQUARE 
SIGNIF ICANT . 
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: iefere'E'e  r ►-‘i gh.  t significant;  one  slack  square  is  significant- 
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FIGURE  3B-  WATER  INTAKE  OF  RATS  IN  MILLILITERS  PER  ANIMAL  PEP  DAY 
OT  GROUP  □ (15  MG  DMMPA/ ANIMAL/DAY)  , GROUP  E (7-5  MG  OMMPA/ ANIMAL 
--DAY)  AND  GROUP  H 0-0  MG  OMMPA/ ANIMAL/DAY)  . THE  MEAN  OP  EACH 
DOSE  GROUP  FOR  THE  5 DAY  PEPIDO  IS  PLOTTED  AGAINST  THE  CONTROL  GROUP 
FOR  TFt  100  DAYS  OF  OMMPA  DOSING-  TWO  BLACK  SQUARES  INDICATES  Th€ 
DIFFERENCE  IS  HIGHLY  SIGNIFICANT!  ONF.  BLACK  SQUARE  INDICATES 
SIGNIf  ICANT  • 
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FIGURE  ST-  WATER  INTAKE  OF  RATS  IN  MILLILITERS  PEP  ANIMAl  PER  DAY 
OF  GROJP  J (1.9  MG  DMMPA/ ANIMAL /DAY ) AND  GROUP  K (0-9  MG  DMMPA, 
ANIMAL/DAY) • ThC  MEAN  OF  EACH  DOSE  GROUP  FDR  THE  5 DAY  PERIOD  IS 
PLOTTED  AGAINST  THE  CONTROL  GF?OUP  FOR  THE  10O  DAYS  OF  DMMPA  DOSING- 
TWO  BLACK  SQUARES  INDICATES  THE  DIFFERENCE  IS  HIGHLY  SIGNIFICANT  > 
ONE  BLACK  SQUARE  CONNOTES  SIGNIFICANT- 
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t^LOJBL-jaA-  WEIGHT  GAIN  IN  GRAMb  PER  DAY  (*  DRlU’  A UM  M,  ANIMAi 
/DAY)  i GROUP  B <61  MG/ANIMAL/OAY ) AND  GROUP  I < -II  MG  ANIMAt  . : AY 
The  MEAN  WEIGHT  CHANGE  (POSITIVE  OR  NEGATIVE)  POP  EACH  DOSE  flU’ 
EUR  The  5 DAY  PERIOD  IS  PLOTTED  AGAINST  THE  CONTRITE  GRDLF  FDR  Tht 
lOO  DAYS  OE  DMMPA  DOSING. 
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FIGLFE  4B-  WEIGHT  GAIN  IN  GRAMS  PER  DAY  OF  GROUP  D 1 15  MG/ ANIMAL 
/DAY),  GROUP  E <7. 5 MG/ ANIMAL/DAY)  AND  GROUP  H 13. 0 MG/ANIMAL/OAY ) 
ThC  MEAN  WEIGHT  CHANGE  (POSITIVE  OR  NEGATIVE)  TOR  EACH  DOSE  GROUP 
FOR  THE  5 DAY  PERIOD  IS  PLOTTED  AGAINST  THE  CONTROL  GROUP  FOR  TEC 
100  DAYS  OF  OMMPA  DOSING* 
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FIGURE  4 [ HEIGHT  GAIN  IN  GRAMS  PER  DAY  OF  GROUP  j 11-3  MG.  ANIMAL/ 

DAY i AND  GROUP  K CO- 3 MC  ANIMAl  /DAY ) ■ THE  MEAN  WEIGHT  CHANGE 
iPCSITIVE  OR  NEGATIVE)  FOR  EACH  DOSE  GPOLF  IS  PLOTTED  AGAINST  THE 
CONTROL  GROUP  FOR  THE  100  DAYS  OF  DMMPA  DOSING- 
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The  Effect  of  DMMPA  cn  Uri ne  Components 

Urine  samples  were  analysed  daily  for  all  dose  groups  and  controls. 
The  analyses  for  blood,  glucose  and  bilirubin  were  all  negative  with  no  sig- 
nificant change  occurring  in  hydrogen  ion  concentration  or  urine  protein. 

PHYSIOLOGICAL  PARAMETERS 

Rectal  temperature,  respiration  rate,  heart  rate  and  blood  pressure 
were  measured  on  each  animal  as  many  times  as  was  possible  during  the  100 
day  feeding  period.  There  were  not  less  than  5 determinations  of  each  para- 
meter for  each  animal  with  some  measured  as  many  as  10  times  during  the  run. 

The  average  was  7 times.  The  means  and  standard  deviations  of  each  dose 
group  for  each  parameter  as  well  as  the  mean  weight  of  each  dose  group  at 
autopsy  are  shown  in  Table  III.  As  can  be  seen,  there  are  no  values  of  any 
of  the  parameters  in  the  dosed  animals  differing  significantly  from  the  con- 
trols as  assessed  by  "t-test".  These  results  indicate  that  DMMPA  has  no  effect 
on  any  of  these  parameters  at  doses  of  123  mg/animal /day  or  lower. 

BLOOD  CELLULAR  COMPONENTS 

Blood  collected  at  sacrifice  of  the  test  animals  was  examined  for 
numbers  of  erythrocytes  and  leucocytes,  haemoglobin  concentration  and  haema- 
tocrit.  The  results  with  each  dose  group  and  control  are  shown  in  Table  IV 
as  the  means  and  standard  deviations.  There  are  no  values  of  these  haemato- 
logical  parameters  which  differ  significantly  in  the  DMMPA-dosed  groups  from 
those  of  the  controls,  allowing  the  conclusion  that  DMMPA  at  doses  of  123  mg/ 
animal/day  or  lower  is  without  effect  on  these  blood  components. 

SEP.L'M  COMPONENTS 

Serum  samples  separated  from  cellular  components  of  blood  taken  at 
the  time  of  sacrifice  were  analysed  for  creatine  phosphokinase  activity, 
glutamic-oxalic  transaminase,  lactic  dehydrogenase  and  alkaline  phosphatase, 
as  well  as  levels  of  sodium  and  potassium.  The  results  of  each  of  the  above 
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components  for  each  dose  group  and  the  control  are  shown  in  Table  V.  Again 
there  is  no  evidence  that  DMMPA  dosing  at  levels  as  high  as  123  mg/animal/ 
day  had  any  significant  effect  on  any  of  the  above  parameters. 

Analyses  for  total  protein,  albumin,  globulin,  urea  nitrogen  and 
glucose  as  shown  in  Table  VI  likewise  indicate  that  DMMPA  dosing  at  these 
levels  per  day  for  100  days  has  no  effect. 

Analyses  of  phosphate,  chloride  and  bilirubin  contents  of  the 
serum  as  reported  in  Table  VII  are  also  indicative  that  DMMPA  dosing  does 
not  alter  the  serum  levels  of  any  of  these  diagnostic  components  at  doses 
as  high  as  123  mg/animal/day. 

ORGAN  WEIGHT  AND  WATER  CONTENT  OF  ORGANS 

Lung,  heart,  liver,  spleen  and  kidney  were  isolated  at  the  time 
of  autopsy  and,  after  blotting,  weighed.  The  mean  and  standard  deviation 
of  each  organ  weight  expressed  as  a percentage  of  body  weight  is  shown  for 
each  dose  group  in  Table  VIII.  In  Table  IX,  the  percentage  weight  of  water 
of  the  wet  weight  of  each  of  the  above  tissue  plus  skeletal  muscle  and  brain 
are  shown.  There  is  no  evidence  in  either  of  these  tables  that  DMMPA  dosing 
as  high  as  123  mg/animal/day  causes  significant  change  in  organ  weight  or 
water  content  of  the  tissue  of  rats  dosed  up  to  100  days. 

AUTOPSY  FINDINGS 

DMMPA  at  doses  to  123  mg/animal/day  produced  very  sparse  results 
visible  on  autopsy.  Only  at  the  highest  dose  were  there  any  recognizeable 
lesions,  these  occurring  in  the  lunc  as  mild  congestion,  sometimes  coupled 
with  a small  number  of  haemorrhagic  spots.  This  was  found  in  5/12  animals 
receiving  123  mg/animal/day.  At  the  next  lowest  dose  of  62  mg/animal/day, 
only  2/13  animals  had  lung  lesions.  Below  these  doses  no  regular  dose- 
related  lesions  were  recorded. 
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SECTION  C: 

EFFECTS  OF  CHRONIC  APPLICATIONS  OF  DMMPA  TO  RATS 
1 1 . EFFECTS  OF  HIGH  DOSE  - TOO  DAY  APPLICATIONS  - MALE  RATS 

One  hundred  and  fifty  male  rats  were  separated  into  matching 

weight  groups  of  15  rats  each  and  allowed  to  become  adjusted  to  the  cir- 
cular individual  metabolism  cages  for  a period  of  two  weeks.  At  the  con- 
clusion of  this  period,  the  rats  were  weighed  and  distributed  into  groups 
such  that  there  was  no  significant  difference  in  the  mean  weight  of  each 
group.  DMMPA  was  then  given  orally  by  stomach  tube  daily  (at  1300  hours) 
seven  days  per  week  for  a period  of  100  days.  The  dose  pattern  used  was 
that  shown  in  Table  X.  Animals  were  sacrificed  on  the  12th,  19th,  26th, 
33rd,  40th,  47th,  54th,  61st,  68th,  75th,  83rd,  90th  and  97th  day  such 

that  1 animal  was  taken  from  each  dose  group  and  control  group  at  each 

sacrifice  time.  Procedures  used  for  handling,  sacrifice  and  analysis  of 
parameters  are  those  described  in  the  Annex  of  reference  (1),  but  essent- 
ially, this  experiment  paralleled  that  described  in  the  previous  section, 
except  that  the  dose  of  DMMPA  was  raised  and  the  male  animals  replaced  the 
females. 


NUTRITIONAL  PARAMETERS 

Water  intake,  food  intake  and  weight  gain  were  measured  daily. 

In  Figure  5 the  comparison  of  the  two  control  groups  is  made  for  the  three 
parameters  indicating  that  there  were  times  during  the  100  days  when  highly 
significant  and  significant  level  differences  arose  between  the  control 
groups,  although  the  only  difference  between  them  was  the  dose  of  1.0  ml 
of  water  given  to  one  of  the  groups.  As  in  the  case  of  the  female  exper- 
iment, there  is  no  apparent  explanation  for  these  differences. 

The  effect  of  DMMPA  dosing  on  the  food  intake  over  the  experimental 
period  is  shown  in  Figure  6 and  Figure  7.  Although  there  are  many  occa- 
sions where  the  food  intake  of  the  control  group  ' G ' is  highly  significantly 
lower  than  the  ' L 1 group's  intake,  the  failure  to  demonstrate  any  evidence 
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TABLE  X 

DMMPA  DOSES  APPLIED  DAILY  TO  MALE  RATS 


Group 

mg  per  animal 

mg  per  kg 

A 

489 

2520 

B 

245 

1260 

C 

122 

630 

E 

61.2 

315 

H 

30.5 

157 

J 

15.3 

78.6 

K 

7.6 

39.6 

G Control  given  1.0  ml  water 

L Control  handled  as  above,  but  without  oral  dose 

1 
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FIGURE  Li-  COMPARISON  OF  THE  TWO  CONTROL  GROUPS  L AND  G FOP  FOOD 
INTAKE • (TOP  CURVES J > WATER  INTAKE  (MIDDLE  CURVES)  AND  WEIGHT  GAIN 
(BOTTOM  CURVES)-  A HIGH  Y SIGNIFICANT  DIFFERENCE  IS  MARKED  WITH  TWO 
BLACK  SQUARES!  A SIGNIFICANT  DIFFERENCE  WITH  ONE  R ACK  SQUARE- 
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FIGURE  H-  COMPARISON  OF  FOOD  INTAKE  IN  ANIMALS  DOSED  DAILY  WITH 
DM^PA  FDR  PERIODS  UP  TD  100  DAYS.  MEAN  VALUES  DF  EACH  DOSE  GROUP 
FDR  A 5 OAT  INTERVAL  APT  COMPARED  FDR  THE  ENTIRE  EXPERIMENTAL  PERIOD 
• GROUP  A RECEIVED  4H3  MG/ANIMALuOAY , GROUP  P c4S  MG  -ANIMAL /DAY  AND 
GROUP  C 182  MGy ANIMAL/DAY • TWO  Bl  ACK  SQUARES  INDICATES  DIFFERENCE 
OF  TEST  ALCT  CONTROL  IS  HIGHLY  SIGNIFICANT!  ONE  H ACK  SQUARE 
INDICATES  DIFFERENCE  IS  SIGNIFICANT- 
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F IGLFE  T-  COMPARISON  OF  FOOT  INTAKE  WITH  ANIMALS  DOSED  WITH  DMMFA 
* GPOjP  E RECEIVEI'  61  MG/ANIMA  : ' , ,p;>,r  h V*S  MG/ ANIMAL /OAV > 

GE^OTF  J IS* 3 MG/ANIMA,. /DA v A, NO  GE-TT  JF1  K "*£,  MG  ANIMAL/DA**  MEAN 
VALUES  of  FDTC  INTAKE  FOR  Tt-E  DOSE  GEA"' jp  FOP  A 5 OAV  INTERVAL  ARE 
PLOTTED  AGAINST  THE.  CONTROL  GROUF  FOR  THE  SAME  ETRIOD*  TWO  BLACK 
SQUARES  INDICATES  DIFFERENCE  IS  HIGH.  < SIGNIFICANT!  ONE  SOU  AF?E 
CONNOTES  SIGNIFICANT  DIFFERENCE* 
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of  change  in  food  intake  in  proportion  to  the  dose  applied  leads  to  the 
conclusion  that  the  results  are  mostly  due  to  the  same  factors  producing 
the  difference  in  the  control  groups  and  not  due  to  DMMPA. 

The  results  of  recording  water  intake  with  decreasing  doses  of 
DMMPA,  as  shown  in  Figure  8 and  Figure  9,  lead  to  the  same  conclusion  as 
above,  namely,  that  the  differences  are  due  to  uncontrolled  factors  in 
the  experimental  design  and  not  due  to  DMMPA. 

The  change  in  weight  gain  (see  Figure  10  and  Figure  11)  with 
varying  DMMPA  dose,  as  with  the  controls,  shows  less  tendency  for  uncon- 
trolled variation  with  the  'L1  control  with  the  results  leading  to  the 
conclusion  that  DMMPA  dosing  even  to  levels  of  2.5  gm/kg  does  not  inter- 
fere with  the  rats'  normal  ability  to  gain  weight. 

Urine  collection  was  also  made  daily  on  the  animals.  Analyses 
indicated  completely  negative  results  for  the  presence  of  blood,  glucose 
and  bilirubin;  normal  levels  of  protein;  and  no  significant  change  in 
urine  pH  with  any  dose  of  DMMPA  applied. 

PHYSIOLOGICAL  PRAMETERS 

Body  weight,  rectal  temperature,  respiration  rate,  heart  rate 
and  blood  pressure  are  shown  in  Table  XI. 

Body  weight  in  the  DMMPA-treated  animals  at  time  of  autopsy 
was  compared  with  that  of  the  controls.  The  remaining  parameters  were 
measured  at  least  five  times  on  each  animal  during  the  test  period  so 
that  each  mean  and  standard  deviation  shown  represent  a minimum  of  80 
determinations  at  each  dose  level.  However,  none  of  these  parameters 
varied  significantly  from  the  control  values,  leading  to  the  conclusion 
that  DMMPA  has  no  consistent  effect  on  any  of  these  physiological  measures 
of  the  health  of  test  animals. 

BLOOD  CELLULAR  COMPONENTS 

The  effects  of  high  daily  dose  application  on  haematological  para- 
meters are  shown  in  Table  XII,  giving  the  mean  and  standard  deviation  for 
each  dose  group.  There  is  no  observable  change  in  erythrocytes,  leucocytes, 
haemoglobin  or  haematocrit  after  these  doses  of  DMMPA,  indicating  that  the 
drug  has  little  effect  on  the  blood  cellular  composition.  Although  only 
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FIGURE  10-  COMPARISON  OF  THE  WEIGHT  GAINED  IN  ANIMALS  DOSED  DAILY 
WITH  DMMPA • MEAN  VALUES  FDR  EACH  DOSE  GROUP  FDR  THE  5 DAY  PERIOD 
APE  PLOTTED  AGAINST  CONTROL  VALUES  FOP  THE  SAME  PERIOD-  GROUP  A 
RECEIVED  403  MG/ ANIMAL. 'CAY , GROUP  B 0-15  MG/ ANIMAL/DAY  ANO  GROUP  C 
18?  MG/ ANIMAL/DAY • TWO  BEAD*  SQUARES  INDICATES  DIFFERENCE  OF  MEAN 
IS  HIGHLY  SIGNIFICANT!  ONE  BL ACL  SUL, ARE  CONNOTES  SIGNIFICANT  LEVELS 
OF  DIFFERENCE  - 
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FIGURE  11-  COMPARISON  OF  WEIGHT  GAIN  IN  ANIMALS  DOSED  DAILY  WITH 
DMMPA • MEAN  VALUES  FDR  EACH  DOSE  CROUP  FOP  THE  5 DAY  PERIOD  ARE 
PLOTTED  AGAINST  CONTPOL  VALUES  FOR  THE  SAME  PERIOD-  GROUP  E 
RECEIVED  61  MG/ANIMAL/DAY,  GROUP  H 30-5  MG/ ANIMAL/DAY , GROUP  J 15-3 
MG/ ANIMAL /DAY  AND  GROUP  H 7-6  MG/ ANIMAL/DAY . TWO  BLAO'  SQUARES 
CONNOTE  HIGHLV  SIGNIFICANT  DIFFERENCE  IN  THE  MEANS.  ONE  BLACn  SQUARE 
INDICATES  DIFFERENCE  BETWEEN  MEAN  AND  CONTROL  15  AT  SIGNIFICANT 
LEVEL • 
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total  leucocytes  were  counted,  blood  smears  were  made  for  animals  from 
each  dose  group  and  examined  for  the  presence  of  abnormal  cells  (Wright's 
stain).  There  was  no  evidence  of  abnormal  numbers  of  any  of  the  leucocyte 
cell  groups. 


BLOOD  SERUM  COMPONENTS 

The  effects  of  high  dosage  of  DMMPA  on  the  blood  serum  components 
of  rats  dosed  daily  for  periods  up  to  100  days  are  shown  in  Tables  XIII, 

XIV  and  XV  as  the  means  and  standard  deviations  of  each  group  and  are 
compared  with  the  control  animals.  All  values  of  the  means  were  tested 
for  significance  by  the  "t-test"  and  were  found  to  be  insignificantly  dif- 
ferent from  the  controls.  There  is  a tendency  for  the  lactic  dehydrogenase 
and  alkaline  phosphatase  values  of  Group  A to  be  high,  likely  reflecting 
the  degree  of  liver  congestion  evident  in  these  animals  at  autopsy,  although 
even  these  values  were  not  found  significant.  It  is  worthy  of  note  that 
other  indicators  of  liver  damage,  namely,  creatine  phnsphokinase  and  SGOT 
were  both  within  normal  range,  indicating  DMMPA  does  not  produce  li.’er  damage. 
Normal  range  values  of  sodium,  potassium  and  chloride  indicate  DMMPA  does 
not  interfere  with  electrolyte  balance.  Blood  urea  nitrogen  values  were  with- 
in normal  ranges  and  likewise  indicate  that  kidney  damage  is  not  produced  at 
the  levels  of  DMMPA  used.  Blood  glucose  values  are  high,  but  are  consistently 
so  with  the  controls,  and  although  the  range  found  in  both  DMMPA-treated 
groups  is  wide,  it  is  likewise  wide  in  the  control  groups.  Since  animals  were 
not  fasting  for  periods  longer  than  five  hours  before  sacrifice,  values  are 
as  close  as  can  be  expected.  The  constancy  of  blood  bilirubin  values  indicates 
DMMPA  has  little  effect  on  the  hepato-bi 1 iary  tract. 

OF GAN  WEIGHTS  AND  WATER  CONTENT  OF  TISSUES 

Lung,  heart,  liver,  kidney  and  spleen  were  removed  from  each  animal 
at  autopsy  and  immediately  weighed.  The  values  of  the  mean  weight  of  each 
organ  at  each  dose  level  are  given  in  Table  XVI  and  compared  with  the  weights 
of  organs  taken  from  the  control  groups.  The  significance  of  the  difference 
between  mean  values  of  dosed  animals  and  those  of  controls  was  tested  by  the 
"t-test".  Highly  significant  differences  are  shown  as  H.S.  (PsO.Ol),  and 
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significant  values  (P.sO.05)  as  Slg . The  highest  dose  of  DftIPA  used  (2.5 
gm/kg)  caused  highly  significant  weight  increases  of  lung,  hea-t,  liver 
and  kidney.  A dose  of  1 . 3 gm/kg  DMMPA  caused  significant  changes  in  lung, 
liver  and  kidney.  The  lowest  dose  causing  significant  change  was  0.6  gm/kg 
which  only  caused  a highly  significant  increase  in  the  weight  of  the  lung. 

Dose  levels  below  this  quantity  caused  no  change  in  organ  weights  of  the 
male  rats,  essentially  agreeing  with  the  findings  in  females. 

The  water  content  values  of  tissues  removed  from  the  animals  at 
autopsy  are  shown  in  Table  XVII.  As  can  be  seen,  the  increase  in  tissue 
weight  observed  with  DMMPA  doses  2.5,  1.3  and  0.6  gm/kg  is  not  paralleled 
with  increased  water  content  in  those  tissues.  Only  the  dose  of  2.5  gm/kg 
caused  a highly  significant  increase  in  water  content  and  this  effect  was 
observed  only  in  the  lung.  This  suggests  that  the  increase  in  weight  can 
be  attributed  to  the  severe  blood  congestion  observed  in  these  tissues  at 
autopsy  and  verified  by  histological  examination. 

AUTOPSY  FINDINGS 

With  the  exception  of  five  animals  in  Group  A which  died  spontan- 
eously, all  animals  were  sacrif  ced  by  decapitation.  Group  A animals  re- 
ceived 489  mg/animal /day  or  2.5  gm/kg/day.  This  dose  caused  5 deaths  by  cum- 
ulative DMMPA  dosing  occurring  after  the  5th,  11th,  18th,  41st  and  50th  doses. 
These  animals  and  the  remaining  10  animals  in  the  dose  group  showed  extensive 
lung  congestion  and  haemorrhage,  with  blood  in  the  alveolar  spaces  and  pleural 
cavity.  As  well,  there  were  signs  of  extensive  kidney  damage  occurring  in 
the  glomeruli  and  proximal  tubules.  The  liver  was  also  congested  with  blood. 
There  were  also  signs  of  damage  to  the  gut  wall  in  which  most  of  the  mucosal 
layer  of  the  ileum  was  eroded,  leaving  a flaccid  and  translucent  wall.  In 
this  latter  instance,  however,  1/9  animals  showed  such  effects  among  the 
survivors,  although  all  which  had  died  spontaneously  had  guf  damage. 

These  findings  were  repeated  in  Group  B (245  mg/animal/day  or  1.3 
gm/kg/day)  although  the  degree  of  severity  was  decreased  such  that  most  animals 
showed  damage  only  in  lung  and  kidney.  Animals  in  Group  C (122  mg/animal/day 
or  0.6  gm/kg/day)  showed  only  lung  damage  and  one  instance  (1/14)  of  observable 
kidney  damage.  Doses  of  DMMPA  below  that  of  Group  C were  free  from  all  Put 
minor  evidence  of  lung  congestion  with  blood.  From  the  autopsy  finding,  there 
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there  is  a clear  break  in  the  cumulative  effects  of  DMMPA  such  that  doses 
below  122  mg/animal/day  or  0.6  gm/kg/day  are  essentially  innocuous. 

SECTION  C: 

EFFECTS  OF  CHRONIC  APPLICATION  OF  DMMPA  TO  RATS 

III.  EFFECTS  OF  MEDIUM  DOSE  - 240  DAY  APPLICATION  - FEMALE  RATS 

Attention  has  been  previously  drawn  to  the  fact  that  the  technique 
of  sacrificing  the  animals  sequentially  during  the  100  day  dosing  period 
used  in  the  previous  two  trials  resulted  in  only  5 animals  of  each  dose 
actually  receiving  the  total  of  100  doses.  The  negative  results  of  the 
previous  two  trials  in  most  parameters  studied  lead  to  the  hypothesis  that 
this  number  of  animals  was  insufficient  to  influence  the  results  in  the 
statistical  methods  of  comparison  used.  Accordingly  in  this  experiment,  all 
animals  were  dosed  daily,  seven  days  per  week  for  a period  of  140  days  before 
any  sacrifice  of  the  animals  to  detect  change  was  initiated.  Sacrifice 
occurred  as  before,  with  one  animal  taken  from  each  dose  and  control  group 
per  week.  Doses  of  DMMPA  used  were  chosen  purposely  to  bracket  the  level 
of  122  mg/kg/animal,  the  limit  dose  causing  recognizable  pathological  signs. 
As  well,  confirmation  of  the  cumulative  deaths  from  a dose  of  489  mg/animal 
/day  (2.5  gm/kg/day)  was  sought.  The  doses  used  with  all  groups  are  shown 
in  Table  XVIII. 

The  female  rats  used  were  carefully  selected  and  allowed  2 weeks 
to  adjust  to  the  conditions  of  the  single  metabolism  cages  used  for  each 
animal.  At  the  conclusion  of  this  period  the  animals  were  distributed  in 
10  groups  of  15  animals,  each  group  having  the  same  mean  weight  (194.3  gm) 
and  weight  distribution.  Animals  were  dosed  with  DMMPA  at  1300  hours  daily 
after  the  animals  had  been  weighed  and  food  intake,  water  intake  and  urine 
output  recorded. 


NUTRITIONAL  PARAMETERS 

Two  control  groups  ( ' L ' and  ’ G ' ) were  used  as  before.  In  Figure 
12  the  food  intake,  water  intake  and  weight  gain  in  these  two  untreated 
groups  are  compared.  These  data  indicate  that  there  is  no  evident  differ- 
ence in  food  intake  or  weight  gain  between  the  two  controls  over  the  entire 
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TABLE  XVIII 

DMMPA  DOSES  GIVEN  DAILY  TO  FEMALE  RATS 
FOR  A PERIOD  FROM  140  TO  240  DAYS 


1 

Group 

DMMPA 
mg  per 
animal 

DMMPA 
mg  per 
kg 

A 

489 

2518 

B 

367 

co 

CO 

co 

C 

245 

1246 

D 

184 

944 

E 

122 

623 

H 

92 

487 

J 

50 

252 

K 

37 

189 

G Control 

- 1.0  ml  of  water  by  stomach  tube. 

L Control  - handled  with  insertion  of  stomach 
tube  but  not  dosed. 
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FIGURE  15-  FOOD  INTAKE,  WATER  INTAKE  AND  WEIGHT  GAIN  FDR  THE  TWO 
CONTROL  GROUPS  L AND  G ARE  COMPARED-  THE  MEAN  WEIGHT  FOR  EACH 
ANIMAL  FOR  A FIVE  OAT  PERIOD  IS  COMPARED  FOR  THE  ENTIRE  HdO  OATS  OF 
THE  EXPERIMENT  IN  UNIT  PERIODS  OF  5 DATS  DURATION  EACH-  ONLT  THE 
DIFFERENCE  IN  WATER  INTAKE  IS  SIGNIFICANT- 
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experimental  period.  Water  intake  is,  however,  highly  significantly  differ- 
ent. There  is  no  apparent  reason  why  this  difference  should  exist,  since 
apparently  all  factors  but  the  single  one  of  a dose  cf  1.0  ml  of  water  are 
the  same  for  both  groups. 

The  food  intake  in  animals  treated  with  DMMPA  is  shown  in  Figures 
13,  14  and  15.  Regardless  of  the  dose  of  DMMPA  given  (from  489  to  37  mg/ 
animal)  there  is  no  apparent  change  in  food  intake  by  tne  rats.  Water  intake, 
as  shown  in  Figures  16,  17  and  18  indicates  that  there  is  a significant  to 
highly  significant  increase  in  water  intake  in  the  animals  in  all  groups 
having  daily  doses  from  489  to  122  mg/animal  but  no  change  in  water  intake 
for  the  lower  doses.  Because  of  the  disagreement  in  the  control  it  is  dif- 
ficult to  decide  which  of  the  doses  is  the  null  effect  dose  but  the  choice 
of  the  lower  can  only  be  in  favour  of  greater  safety.  Hence  it  was  concluded 
that  a dose  of  122  mg/animal /day  for  periods  of  140  to  240  days  has  a demon- 
strable adverse  effect  on  rats  such  that  their  tendency  to  higher  water  in- 
takes is,  in  some  way,  related  to  a pathological  process.  Weight  gain  com- 
parison between  the  treated  and  untreated  controls  is  shown  in  Figures  19, 

20  and  21.  These  data  indicate  that  weight  gain  is  unaffected  in  rats  dosed 
as  high  as  489  mg/animal/day . 

Effect  of  DMMPA  on  Physiological  Parameters 

Table  XIX  records  comparison  by  dose  groups  of  weight  at  autopsy, 
rectal  temperature,  respiration  rate,  heart  rate  and  blood  pressure  with  the 
same  parameters  in  control  animals.  As  can  be  seen,  there  are  no  significant 
differences  in  any  parameter  but  heart  rate.  With  the  latter  there  is  a highly 
significant  depression  of  heart  rate  at  doses  of  245  mg/animal/day  and  above. 

At  the  high  dose  of  DMMPA  (489  mg/animal /day ) the  depression  of  heart  rate 
is  seen  as  early  as  the  20th  dose,  with  all  animals  responding  by  the  50th 
dose.  At  367  mg/animal/day,  earliest  signs  of  heart  rate  decrease  are  seen 
after  50  doses,  but  by  100  doses  all  animals  are  showing  such  depression. 

With  the  lowest  dose  causing  significant  depression  (245  mg/animal/day)  the 
number  of  daily  doses  exceeded  125  before  significant  depression  was  observed 
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FIOJRE  13-  FOOD  INTAKE  AS  MEAN  WEIGHT  IN  GRAMS  FOOD  PER  DAT  IGR1 
A 5 DAT  INTERVAL  IS  COMPARED  WITH  THE  CONTROL  GRDUP  FOR  EACH 
INTEFVAi  FOR'  THE  ENTIRE  P40  DATS-  GROUP  A RECEIVED  40G  MG  ANIMA. 
DAT,  GROUP  0 367  MG/ANIMALtDaT  AND  GROUP  C R4 5 MG.  ANIMAL -OAT . 

’ONt  OF  THE  DIFFERENCES  IN  TRC  CURVES  APE  SIGNIFICANT  • 
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EiajgE  14  FOOD  INTAKE  AS  MEAN  WEIGHT  IN  GRAMS  FOOD  PER  DAY  FDR  A 
5 DAY  INTERVAL  IS  COMPARED  WITH  THE  CONTROL  GROUP  FOR  EACH  5 DAY 
INTERVAL  FDR  P4 O DAYS-  GROUP  0 RECEIVED  184  MG.-  ANIMAL/DAY  AND  GROUP 

e iee  mg/ animal/Day.  none  of  the  differences  between  the  curves  are 
significant • 
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FIGUPE  IS  FOOD  INTAKE  AS  MEAN  WEIGHT  IN  GRAMS  FOOD  PEP  DAY  FOR  A S 

Say  interval  IS  compared  with  the  control  group  fop  each  s day 

PERIOD  FOR  r?4C  DAYS-  GROUP  H RECEIVED  32  MGx ANIMAL/OAY , GROUP  J SO 
MG  ANIMAL /DAY  AND  GROUP  K 37  MG/  ANIMAL/DAY . NCME  OF  THE 
OIFFERF’CES  SK3WN  APE  SIGNIFICANT  • 
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f INURE  Ifc  WATER  INTAKE  AS  F*AN  WF  IGHT  IN  GRAMS  WATER  REP  DAY  FOR  A 
5 DAY  INTERVAL  IS  COMPARE! ' WITH  TeX  CONTROL  GROUP  F IF*  EACH  S DAY 
PERIOD  FDR  240  DA  VS*  IRN  A RECEIVED  4Rj  MG-  ANlMAI  /DAY,  GROUP  P 3P? 

MG/  Af  4 1 M AL  /DA  V Al  f GHlJP  C 24S  W3/ ANIMAL /DAV . ALL  DIFFERENCES 
BETWEEN  DOSED  GRUNTS  AfO  CONTROLS  Af*  HIGHL  v GIuNlF  I CANT  * 
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FIGURE  17-  WATER  INTAK-E  AS  MEAN  WEIGHT  IN  GRAMS  WATER  PER  DAY  FOR 
A 5 DAY  INTERVAL  IS  COMPARED  WITH  CONTROL  GROUPS  FOR  EACH  5 DAY 
PERIOD  FOR  P4G  DAYS-  GROUP  D RECEIVED  IF4  MG/ ANIMAL/DAY  AND  GROUP  E 
1 EE  MG/ ANIMAL/DAY.  DIFFERENCES  BETWEEN  TEST  AND  CONTROL  APE  HIGHLY 
SIGNIFICANT. 
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F Ira  Rf  1H-  WATER  INTAAE  AS  NCAN  WEIGHT  IN  GRAMS  WATER  PEP  DAT  for  A 

s cat  Interval  is  co^aped  with  control  grolt  for  each  s oat 

PERIOD  FOR  P40  OATS.  GROUP  H RECEIVED  SC  MG/ANIMAl/OAT , CROUP  J 50 
LCvANIMALvOAV  ACC  GPOLF  C 37  ANIMAL.'DAT  OF  DMVPA  • THE  GREAT 
MAjORITT  of  DIFFERENCES  SHOWN  ARE  NOT  SIGNIFICANT  WITH  ANT  OOSE  OF 
lyMP A AFTA.IEO. 
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FIGURE  13-  WEIGHT  GAIN  IN  ANIMALS  TREATED  WITH  DMMPA  IN  GRAMS  PER 
DAy  EDR  A 5 DAy  INTERVAL-  THESE  VALUES  APE  COMPARED  WITH  THE 
EQUIVALENT  VAL'JES  IN  CONTROLS  FOR  EACH  5 DAy  PERIOD  OF  THE  E4Q  0Ay 
EXPERIMENT-  GROUP  A RECEIVED  409  MG/ANIMAL/DAy > GROUP  B P&7  MG/ 
ANIMAL/DA v AND  GROUP  C D45  MG/ANIMAL/OAy - NONE  OF  THE  DIFFERENCES 
BETWEEN  TEST  AND  CONTROL  APE  SIGNIFICANT  - 
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FIGURE  SO-  WEIGHT  GAIN  IN  ANIMALS  TREATED  WITH  DMMPA  IN  GRAMS  PER 
□AY  FDR  A 5 DAY  INTERVAL  IS  COMPARED  WITH  THE  EQUIVALENT  VALUES 
IN  CONTROLS  FOP  EACH  5 DAY  PERIOD  OF  THE  540  DAY  EXPERIMENT • GROUP 
□ RECEIVED  104  MG/ ANIMAL/DAY  AND  GROUP  E IBS  MG/ANIMAL/OAY » NONE 
OF  THE  DIFFERENCES  BETWEEN  OOSED  AND  CONTROL  ANIMALS  ARE 
SIGNIFICANT  > 
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figure  ei-  weight  gains  in  animals  treated  with  dmmpa  in  grams  per 

DAV  F f)R  A S DAY  INTEPVAI  ARE  COMPARED  WITH  THE  EQUIVALENT  VALUES  IN 
CONTROLS  POP  EACH  5 DAY  PERIOD  OF  THE  540  DAY  EXPERIMENT-  GROUP 
H RECEIVED  95  MG/ ANIMAL/DAY,  GROUP  J 50  MG/ ANIMAL/DAY  AND  GROUP 
37  M3/ANIMAL/0AY  OF  OVMPA-  TONE  OF  THE  DIFFERENCES  BETWEEN  DOSED 
AND  CONTROL  ANIMALS  APE  SIGNIFICANT- 
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and  even  at  240  doses  not  all  animals  responded  with  depressed  heart  rates. 
This  chronic  effect  would  appear  to  be  a dose  dependent  one,  with  the  limiting 
dose  just  causing  depression  of  the  heart  rate  somewhere  below  245  mg,  but 
greater  than  184  mg/animal /day . 

Effects  of  DMMPA  on  Blood  Cellular  Components 

Table  XX  records  the  mean  and  standard  deviation  of  all  dose  groups 
of  total  erythrocytes,  total  leucocytes,  haemoglobin  concentration  and  haema- 
tocrit.  As  can  be  seen  in  this  table,  no  dosed  group  varied  significantly 
in  any  of  these  haematological  parameters  from  the  control.  Th«s  DMMPA  at 
doses  as  high  as  489  mg/animal/day  is  without  effect  on  blood  cellular  com- 
ponents and  likely  on  haemopoiesis  as  well.  No  differential  counts  were  made 
on  the  leucocytes,  but  random  blood  smears  were  prepared  of  all  dose  groups 
and  after  staining  with  Wright's  were  found  to  have  normal  appearing  distri- 
bution of  leucocytes. 

Effects  of  DMMPA  on  Blood  Serum  Components 

In  Tables  XXI  A,  B and  C are  given  the  means  and  standard  deviations 
of  14  blood  serum  components  analysed  in  samples  taken  from  animals  dosed 
with  DMMPA  and  compared  with  control  animals  receiving  no  DMMPA.  No  signifi- 
cant change  in  the  levels  of  creatine  phosphokinase,  glutamic-oxalic  trans- 
aminase, lactic  dehydrogenase,  alkaline  phosphatase,  sodium,  potassium,  total 
protein,  albumin,  globulin  phosphate,  chloride,  urea  nitrogen,  glucose  or 
bilirubin  was  observed.  Significant  differences  were  calculated  by  "t-test". 
From  these  results  it  was  concluded  that  DMMPA  in  doses  as  high  as  489  mg/ 
animal/day  was  without  effect  on  blood  serum  components  of  value  in  diagnosing 
liver,  heart  and  kidney  damage,  and  by  inference  that  DMMPA  is  without  pathol- 
ogical effects  on  these  organs  as  well. 

Effects  of  DMMPA  on  Wet  Weight  of  Tissues 

At  autopsy  lung,  heart,  liver,  spleen  and  kidney  were  removed, 
blotted  dry  and  weighed.  The  mean  weights  of  these  tissues  and  the  standard 
deviations  for  each  dose  group  and  control  are  shown  in  Table  XXII.  Highly 
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significant  increases  in  weight  were  observed  in  lung,  heart,  liver  and 
kidney  in  animals  dbsed  at  489  mg/animal /day ; and  a highly  significant 
increase  in  liver  weight  only  in  animals  dosed  at  367  mg/animal/day . Below 
this  dose  there  was  no  significant  change  in  organ  weights,  indicating  that 
animals  dosed  as  high  as  245  mg/animal/day  were  unaffected  by  DMMPA  when 
dosed  daily  for  periods  not  less  than  140  days  and  not  longer  than  240  days. 

Effects  of  DMMPA  on  the  Water  Content  of  Tissues 

Samples  of  lung,  heart,  liver,  spleen,  kidney  and  skeletal  muscle 
were  removed  at  autopsy  and  the  water  content  of  these  tissues  determined 
by  drying  to  constant  weight.  In  Table  XXIII  the  mean  value  of  the  water 
content  as  a percentage  of  wet  weight  is  given  for  each  dose  group  and  the 
control.  There  were  no  observable  changes  in  the  water  content  of  the  above 
tissues  in  comparison  with  the  control  indicating  that  DMMPA  at  doses  as  high 
as  489  mg/animal/day  for  240  days  promotes  neither  a dehydration  nor  a hydra- 
tion of  these  tissues. 


AUTOPSY  FINDINGS 

Cumulative  deaths  from  DMMPA  occurred  only  with  the  highest  dose 
used  (489  mg/animal/day  or  approximately  2.5  gm/kg/day).  Four  of  the  fifteen 
animals  died  "cumulative  deaths"  with  the  remaining  animals  surviving  until 
sacrifice  at  140  doses  or  greater.  Deaths  occurred  after  the  11th,  12th,  17th 
and  18th  doses.  Autopsies  on  these  animals  showed  severely  damaged  lungs  with 
congestion  and  haemorrhage  into  both  the  pleural  space  and  the  alveolar  space. 
Livers  were  distended  and  congested  with  blood.  Kidneys  were  congested  and 
showed  haemorrhage  into  the  glomerular  space  and  damage  to  the  proximal  and 
distal  tubules.  Cause  of  death  was  ascribed  to  the  lung  damage. 

Other  spontaneous  deaths  occurred  in  the  course  of  the  240  days  of 
the  experiment.  The  majority  of  these  were  found  due  to  rupture  of  the  trachea, 
oesophagus  or  stomach  by  the  ball-tipped  needle  used  for  dosing.  Animals 
dying  for  these  m.echanical  reasons  were  removed  from  the  groups  for  all  cal- 
culations. 
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All  remaining  animals  were  sacrificed  by  decapitation  and  autopsied 
within  24  hours  of  death.  All  animals  were  held  at  5°C  until  autopsy. 

Autopsy  results  on  animals  receiving  489,  367,  295  and  184  mg/animal/ 
day  were  almost  identical  with  those  found  in  animals  dying  from  accumulation 
of  DMMPA.  Lung  damage  was  extensive  at  the  two  highest  doses  and  decreased 
in  severity  with  doses  of  295  and  184  mg/animal/day.  Liver  and  kidney  also 
showed  signs  of  damage  at  the  two  highest  doses  but  such  damage  was  rarely 
seen  at  the  lower  two  doses.  At  122  mg/animal/day  DMMPA,  4/14  animals 
showed  mild  degrees  of  lung  congestion  with  petechial  haemorrhages.  There 
was  no  evidence  of  haemorrhage  into  the  alveolar  spaces  and  no  blood  was 
found  in  the  pleural  space.  At  doses  below  122  mg/animal/day  the  incidence 
of  pathological  findings  either  macroscopic  or  microscopic  was  no  greater 
than  that  found  in  the  controls.  The  pathological  findings  indicate  a 
clear  break  in  responses  at  or  below  122  mg/animal/day,  where  essentially 
minimal  results  were  obtained.  It  was  concluded  that  doses  as  high  as 
92  mg/animal/day  or  487  mg/kg/day  of  DMMPA  were  essentially  without  effect 
on  the  rats  even  when  given  for  periods  up  to  240  days. 

t 

DISCUSSION 

Assessment  of  toxicological  effects  cn  animals  dosed  daily  for  periods 
from  100  to  240  days  was  undertaken  chiefly  to  obtain  some  assessment  of  the 
safety  of  use  of  the  compound.  This  is,  of  course,  in  addition  to  the  delinea- 
tion of  the  effects  of  chronic  feeding.  The  primary  requirement  is  the  est- 
ablishment of  the  levels  at  which  pathological  effects  occur  and,  subsequently, 
the  highest  daily  doses  of  DMMPA  at  which  these  specific  pathological  effects 
do  not  occur. 

One  useful  datum  in  determining  the  no-effect  dose  is  the  cumulative 
LD^q  (100  day)  which  in  the  case  of  DMMPA  proved  difficult,  if  not  impossible, 
to  determine.  All  that  can  be  said  is  that  2.5  gm/kg/day  is  the  highest  dose 
at  which  any  cumulative  deaths  occurred.  The  nearest  next  lowest  dose  examined 
at  which  no  cumulative  lethality  was  observed  was  1.8  gm/kg/day  which  will  be  a 
close  approximation  to  the  no-effect  dose.  However,  in  Table  XXIV  are  summar- 
ized the  highest  doses  at  which  specific  tests  of  pathological  response  was 
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TABLE  XXIV 


SUMMARY  TABLE  OF  MAXIMUM  DOSE  OF  DMMPA 
APPLIED  DAILY  FOR  140-240  DAYS 
HAVING  NO  EFFECT  ON  SCREENING  PROCEDURES 


Criteria  of  Pathological  Effect 

Maximum  No-Effect  Oose  DMMPA 

mg/kg/day 

Food  Intake 

489 

2518 

Water  Intake 

92 

487 

Weight  Gain 

489 

2518 

Urine  Components 

489 

2518 

Heart  Rate 

122 

623 

Blood  Pressure 

489 

2518 

Respiration  Rate 

489 

2518 

Body  Temperature 

489 

2518 

Total  Erythrocytes 

489 

2518 

Total  Leucocytes 

489 

2518 

Haemoglobin 

489 

2518 

Haematocrit 

489 

2518 

Blood  Serum  Components  (14  entities) 

489 

2518 

Tissue  Weight 

245 

1246 

Water  Content  of  Tissues 

489 

2518 

Lung  Damage 

92 

487 
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assessed.  From  this  table  it  will  be  seen  that  0.5  gm/kg/day  is  the  highest 
dose  having  no  pathological  response  in  any  of  the  parameters  tested.  In 
fact,  only  water  intake,  heart  rate  and  lung  damage  of  the  30  element 
screening  procedures  were  affected  at  all  by  doses  of  DMMPA  as  high  as 
2.5  gm/kg/day.  However,  the  safe  dose  must  be  derived  from  the  responsive 
or  more  sensitive  criteria  and  is  thus  0.5  gm/kg/day. 
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